The effect of radioactive fallout upon the electrical conductivity of the lower atmosphere has been studied. The records of atmospheric conductivity which were made at the Geophysical Institute of Kyoto University in the period from 1961 to 1963 were compared with the records of the observation of fallout made in the same period at the Radiation Centre of Osaka Prefecture. The radioactive fallout, which originated from the large scale nuclear test explosion of 50 Mega ton class carried out by the U. S. S. R. at Novaya Zyemlya on October 30, 1961, caused a temporary increase in atmospheric conductivity up to the value twice as high as the normal value. The increase in conductivity was caused mainly by radiations from the dry fallout accumlated on the ground surface, which was estimated to have exceeded 250 m iCi/m2 at that time. On the other hand, radiations from the airborne nuclear debris, the concentration of which reached as high as 120, q Ci/m3 at that time, were considered to have contributed little to the increase in conductivity.
Introduction
There have been some investigations on the effects of radioactive fallout on the atmospheric electricity. Harris (1955) found an effect caused by the nuclear debris originating from the Nevada nuclear test explosion in the records of the atmospheric conductivity and the potential gradient at Tucson Magnetic Observatory, Arizona. Thereby the conductivity was observed to be increased to about tenfold, and the potential gradient was observed to be decreased by a factor of six. The conductivity recovered to the normal low value according to the equation, A=AA+A0r1. 2, where A is conductivity, AA is the average conductivity for 24 hour period just preceding the fallout, Ao is a constant and t is the time elapsed after the explosion. The radioactivity of the fission products from 235U slow neutron fission decay roughly after t-12. Therefore the abnormal increase in conductivity was caused by radiations from the radioactive fallout. Pierce (1957 Pierce ( , 1959 studied the secular variation of potential gradient at Eskdalemuir, Scotland and pointed out that the observed decrease in potential gradient had been caused by both the accumulation of fallout on the ground surface and the influence of steady leakage from the atomic pile of Windscale. Kondo (1957 Kondo ( , 1963 who studied the secular variation of atmospheric electricity recent years at Kakioka, Japan, found an increase in conductivity and a decrease in potential gradient and concluded that these were caused by the accumulation of fallout on the ground (363) surface.
Near the test ground, where the fallout deposition is seriously much, the atmospheric electricity varies tempotarily and strongly. Far from the test ground, however, fallout deposition is usually so little that the atmospheric electric elements are varied only a little by fallout; the effects of fallout on the atmospheric electricity is not conspicuous, because a little variation due to fallout is blanketed by larger ones due to the local conditions. It is generally recognized, however, that the secular variations due to radioactive fallout are only detected by statistical analyses of the data accumulated for a long period.
A thermonuclear test explosion of 50 Mega ton class was carried out at Novaya Zyemlya, U. S. S. R. on October 30, 1961, Several days afterwards, much nuclear debris were detected even in Japan about 6, 000 km far apart from the test ground . Then a considerable increase in atmospheric electrical conductivity was observed in Kyoto. In
Osaka, high concentration of radioactive fallout in the air and seriously much dry fallout deposition on the ground surface were observed. As Kyoto is only 40km apart from Osaka, the rate of fallout deposition seems to have been almost the same in both districts. In the present investigation, has been studied the relation between the increase in conductivity and the increase in radioactive fallout. Observation of fallout concentration in the air has been carried out by the filter paper method since September 1961, when a series of nuclear test explosions was set out by the U. S. S. R. (Mamuro et al., 1961 . Radioactive dusts were collected on a filter paper (Toyo Roshi No. 5A) through which air was filtered with the aid of a suction pump. Beta activities of the dust samples were measured by a G. M. counter.
Fallout concentration in the air increased up to 120 oCi/m3 on November 7, 1961. The concentration kept still high on 8th and decreased a little on 9th, then became very low on 10th. Average natural radioactivity concentration in the air is some hundred, cc, uCi/m3 Nakatani, 1958, 1963) . On November 7 and 8, fallout concentration was comparable to natural radioactivity concentration. The variation of fallout concentration at that time is shown by open circles in Fig. 1 .
The variation of atmospheric electrical conductivity had been observed at the Geophysical Institute of Kyoto University using a Gerdien type conductivity-meter (Chalmers, 1957; Ogawa, 1960a) . In the period from 8 to 11, November, 1961, large deflections were recorded by the conductivity-meter. The activity of fission products produced by slow neutron fission of 235U decays after the Hunte r-Ballou (1951)'s law; A=Apt-1 2, where A is the activity, Ao is a constant and t is the time elapsed after fission. Debris activity decays more rapidly when the debris contain much the induced radionuclide, 239Np, whose half life is about 2. 3 days. This nuclide is produced by the following reaction,
In the present case, debris activity decayed roughly after the equation, A=A0t-1. 4. The fact that the gradient of the recovery curve of the zero level shift is very similar to that of the decay curve, suggests that the zero level shift was caused by the increase in ionization inside the chamber due to radiations from radioactive dusts deposited on the chamber wall. Such a kind of zero level shift has never been observed since then. Exceedingly much dry fallout seemed to have deposited on the ground on November 7, 1961.
3. Discussions 1. Ionization of air by beta radiations from nuclear debris.
Various kind of radionuclides are produced by nuclear fission, and the composition of nuclear debris varies with time, but total activity decreases exponentially as mentioned above. The gamma ray spectrum of the dust sample collected on November 8, 1961 is shown in Fig. 5 , in which the photopeaks due to young fission products are revealed. The radionuclides listed below are considered to be dominant ten days after explosion (Hunter and Dallou, 1951; Dhelepov and Peker, 1961 The composition rate of 239Np is estimated to have been about 30% 10 days after the explosion, from the decay curve shown in Fig. 4 . Average beta ray energy of the nuclear debris is calculated to be about 0. 3 MeV. About 33. 2 eV of energy is consumed at one ion pair pro- duction. And so, about 9 x 103 ion pairs are produced at one 0. 3 MeV beta ray emission. One disintegration per second of radioactivity is defined to be 27 1c, uCi.
Ionization of air by radioactive air-borne dusts.
In the air whose fallout concentration is 120, u, uCi/m3, ion pairs are produced at the rate of 0. 04 ion pairs/cm3sec.. Average rate of ionization by natural radiations, such as cosmic radiations, terrestrial radiations and radiations from radon, thoron and their decay products in the air, is about 10 ion pairs/cm3ec. (Hess and Vancour, 1950; Hess and O'Donnell, 1951) . Even when fallout concentration in the air reaches some hundred u, Ci/m3, the fallout suspended in the air is therefore thought to contribute little to the increase in ionization.
The atmospheric conductivity kept higher value on November 11, 1961 though the fallout concentration had decreased already to a normal low value as shown in Fig, 1 . On the contrary as shown in Fig. 3 , conductivity varied little on August 10, 1962 when the fallout concentration increased up to 76 uCi/m3. The deposition of radioactive fallout was considerably large during November, 1961 but a little during August, 1962, as shown in the Table 1 . These results of observation agree with the above statement.
3. Ionization of the air by fallout accumulated on the ground surface.
The amount of fallout, which was accumulated per 1 m2 of the ground surface every one month through both rainout and dry fallout, was measured by use of a basin and the results are summarized in Table 1 . The total fallout deposition increased since a series of nuclear test explosion was set out at the beginning of September 1961. The total fallout activity increased abruptly in November 1961 up to 69. 2 m, uCi/m2, which was measured on December 5, 1961.
On the other hand, rainout activity per 1 m2 of the ground surface was also measured at each rainfall. The activities on December 5, 1961 of the rainouts which were sampled during November are shown in the second column of Table 2 . The sum of the figures in the second column is 26. 6 m, uCi/m2. The total fallout activity of 69. 2 m, uCi/m2 was consisted of It is generally considered that more than 90% of fallout deposits as dry fallout. In Table 3 , are shown the comparison of the total fallout with the sum of the rainout during every one month. Rainout activity was measured by a low background 27r gas flow counter which is sensitive to soft beta rays, while the total fallout activity was measured by a G. M. counter.
So, there may be some disagreements between the results of the two measurements, but in Table 3 are shown that almost all of the fallout accumulated on the ground surface was due to rainout except in the month soon after the nuclear test explosion, namely, November 1961.
Abnormally much dry fallout must have deposited during November 1961, in consideration of the fact that the chamber wall was contaminated by radioactive dusts. It is assumed that almost all of the dry fallout during November deposited on 7th and 8th, because the concentration of fallout in the air kept rather low thereafter. The deposited dry fallout activity was estimated to be about 250 m, uCi/m2 as the value on 9th, considering the decay characteristic of air-borne dusts as shown in Fig. 4 .
The rate of ion pair production within 1 m above the ground surface was calculated to be about 42 ion pairs/cm3sec. under the assumption that the activity distributed uniformly on the ground surface. This rate of ion pair production is about fourfold of the natural ion pair production rate. It seems possible that the conductivity may be increased twofold when Table 4 . This may be explained in the following way. The radioactive dry fallout deposits very thinly over the ground surface and therefore radiations from it is absorbed rather little by surface material. The total fallout during these months were mostly consisted of rainout as shown in where q is the rate of ion pair production, a is the recombination coefficient for small ions, n is the concentration of small ions, Q is the attachment coefficient between small ions and aerosol particles and N is the concentration of aerosols. The conductivity is assumed to be proportional to the concentration of small ions; A = 2nek, where A is the conductivity, e is the electronic charge and k is the average ionic mobility of small ions. Harris assumed, in the case of his study, that the conduction will not increase faster than the ionization, and that the concentration of small ions would be much higher than the aerosol concentration in the lowest atmosphere because the value of q was very large. Then the third term of the equation (1) is ignored and the equation is simplified as,
The equation (2) means that that small ion concentration is roughly proportional to the square root of the ion pair production.
In the present study, the observing station is located at the north-east side of Kyoto City which has the population of about one million without heavy industry. The atmospheric conditions in Kyoto are not considered similar to those in Tucson. If the equation (2), however, is applied to the present case in which the ion pair production rate increased fivefold, small ion concentration is calculated to increase more than twofold. This agrees roughly to the results of the observation in the present investigation in which the conductivity increased in the period from November 8 to 11, 1961 twice as high as the normal value. 
